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(54) Exposure apparatus and device manufacture method 



(57) An exposure apparatus includes an illumination 
optical system (1 00), a first light receiving system (5,12) 
for receiving a portion of exposure light from the illumi- 
nation optical system, a movable reticle stage (9) having 
a transmitting portion for transmitting exposure light, 
and a second light. receiving system (13) for receiving 
the exposure light transmitted through the transmitting 
portion. 
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Description 

This invention relates to an exposure method to be 
used in a lithographic process which is one of the proc- 
esses for manufacture ot semiconductor devices such 
as ICs or LSIs, image pickup devices such as CCDs, 
display devices'such as liquid crystal panels, or devices 
such as magnetic heads, tor example. 

Manufacture of semiconductor devices such as ICs 
or LSIs based on lithography, uses an exposure appa- 
ratus for printing a pattern of a reticle (mask) upon pho- 
tosensitive material applied to a wafer (photosensitive 
substrate), directly or in a predetermined reduction ratio. 

Generally, a photosensitive material applied to a 
wafer has a determined correct exposure amount. 
There are exposure apparatuses in which a half mirror 
is disposed in an illumination optical system and the 
quantity of exposure light divided by this half mirror is 
monitored by means of a light receiving element (first 
light receiving means). The exposure amount control is 
then made on the basis of the measurement, to achieve 
the correct exposure amount. 

'Excimer lasers providing light of deep ultraviolet re- 
gion have been used as a light source of an exposure 
apparatus to meet further miniaturization of semicon- 
ductor device. It has been confirmed that when an ex- 
cimer laser is used the optical characteristics of an illu- 
mination system, an optical component such as a half 
mirror, for example, and a coating film varies with time. 
This may attribute to variation of refr activity of glass ma- 
terial or coating film due to irradiation with excimer laser 
light. If this occurs, the ratio between the quantity of ex- 
cimer laser light divided by the half mirror and the quan- 
tity of excimer laser light impinging on a wafer changes 
accordingly. Thus, the exposure amount control, when 
it is based on an assumption that the ratio is constant, 
may result in that the difference between the actual ex- 
posure amount and the correct exposure amount goes 
beyond a predetermined tolerance. 

There is an exposure method in which, to avoid 
such problem, a light receiving element (second light re- 
ceiving means) is disposed adjacent to a wafer and, by 
using a ratio between an output of the first light receiving 
means for monitoring the light quantity within the illumi- 
nation optical system and an output of the second light 
receiving means, the sensitivity of the first light receiving 
means during the exposure process is corrected and 
correct exposure amount is achieved. 

For detection of the output ratio of plural light receiv- 
ing means, however, a reticle (actual reticle) to be prac- 
tically used for the exposure process has to be replaced 
by a special reticle having a pattern for sensitivity cor- 
rection, or the actual reticle has to be demounted. The 
higher a required measurement precision is, the more 
frequently the sensitivity correction has to be performed. 
This leads to decreased throughput. 

It is an object of the present invention to provide an 
exposure apparatus by which a sensitivity of the first 



light receiving means can be corrected while an actual 
reticle is loaded. 

In accordance with an aspect of the present inven- 
tion, there is provided an exposure apparatus, compris- 

s ing: an illumination optical system; first light receiving 
means for receiving a portion of exposure light from said 
illumination optical system; a movable reticle stage hav- 
ing a transmitting portion for transmitting exposure light; 
and second light receiving means for receiving the ex- 

io posure light transmitted through said transmitting por- 
tion. 

In accordance with another aspect of the present 
invention, there is provided an exposure method for use 
with an exposure apparatus having an illumination op- 
16 tical system, first light receiving means for receiving a 
portion of exposure light from the illumination optical 
system, a projection optical system, and second light re- 
ceiving means for receiving exposure light transmitted 
through at least a portion of the projection optical sys- 
20 tern, wherein a reticle is illuminated with the illumination 
optical system so that a pattern of the reticle is trans- 
ferred to a wafer, said method comprising the steps of: 
detecting a first ratio between detected values of the first 
and second light receiving means in a state in which the 
25 reticle is not disposed on a path of exposure light, and 
a second ratio between detected values of the first and 
second light receiving means in a state in which the ret- 
icle is disposed on the path of exposure light; detecting 
a third ratio between detected values of the first andsec- 
30 ond light receiving means in a state, after at least one 
exposure processes, the reticle is disposed on the path 
of exposure light; and correcting a sensitivity of the first 
light receiving means on the basis of the first, second 
and third ratios. 
35 in accordance with a further aspect of the present 
invention, there is provided an exposure apparatus, 
comprising: an illumination optical system; first light re- 
ceiving means for receiving a portion of exposure light 
from the illumination optical system; a projection optical 
40 system; second light receiving means for receiving ex- 
posure light transmitted through at least a portion of the 
projection optical system; correcting means for correct- 
ing a sensitivity of a detected value of said first light re- 
ceiving means, said correcting means is serviceable (i) 
45 to detect a first ratio between detected values of the first 
and second light receiving means in a state in which the 
reticle is not disposed on a path of exposure light, (ii) to 
detect a second ratio between detected values of the 
first and second light receiving means in a state in which 
50 the reticle is disposed on the path of exposure light, (iii) 
to detect a third ratio between detected values of the 
first and second light receiving means in a state, after 
at least one exposure processes, the reticle is disposed 
on the path of exposure light, and (iv) to correct a sen- 
55 sitivity of the first light receiving means on the basis of 
the first, second and third ratios. 

In accordance with a yet further aspect of the 
present invention, there is provided a device manufac- 
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turing method including transferring a pattern of a reticle 
onto a wafer, said method comprising the steps of: de- 
tecting a light quantity of a portion of exposure light from 
an illumination optical system, by use of first light de- 
tecting means; detecting a light quantity of exposure 
light passed through a transmitting portion of a movable 
reticle stage, by use of second light detecting means; 
and correcting a sensitivity of the first light detecting 
means, on the basis of detected values of the first and 
second light receiving means. 

In accordance with a still further aspect of the 
present invention, there is provided a device manufac- 
turing method for use with an exposure apparatus hav- 
ing an illumination optical system, first light receiving 
means for receiving a portion of exposure light from the 
illumination optical system, a projection optical system, 
and second light receiving means for receiving expo- 
sure light transmitted through at least a portion of the 
projection optical system, wherein a reticle is illuminated 
with the illumination optical system so that a pattern of 
the reticle is transferred to a wafer, said method com- 
prising the steps of: detecting a first ratio between de- 
tected values of the first and second light receiving 
means in a state in which the reticle is not disposed on 
a path of exposure light, and a second ratio between 
detected values of the first and second light receiving 
means in a state in which the reticle is disposed on the 
path of exposure light; detecting a third ratio between 
detected values of the first and second light receiving 
means in a state, after at least one exposure processes, 
the reticle is disposed on the path of exposure light; and 
correcting a sensitivity of the first light receiving means 
on the basis ol the first, second and third ratios. 

Embodiments of the present invention will now be 
described with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a schematic and diagrammatic view of 
an exposure apparatus according to an embodiment of 
the present invention. 

Figure 2 is a schematic and diagrammatic view of 
an embodiment of the present invention, for explaining 
a positional relation when sensitivity correction is to be 
performed. 

Figure 3 is a schematic view for explaining a relation 
between a second light quantity detector, a transmitting 
portion and an exposable range. 

Figure 4 is a schematic view for explaining a relation 
between a second light quantity detector, a transmitting 
portion and an exposable range, in another example. 

Figure 5 is a flow chart for explaining an example 
of exposure amount control in the exposure apparatus 
of Figure t . 

Figure 6 is a schematic and diagrammatic view of 
an exposure apparatus according to another embodi- 
ment of the present invention. 

Figure 7 is a flow chart for explaining sensitivity cor- 
recting process in the exposure apparatus of the Figure 
6 embodiment. 



Figure 8 is a schematic and diagrammatic view of 
an exposure apparatus according to a further embodi- 
ment of the present invention. 

Figure 9 is a flow chart for explaining sensitivity cor- 
5 recting process in the exposure apparatus of the Figure 
8 embodiment. 

Figure 10 is a flow chart for explaining semiconduc- 
tor device manufacturing processes. 

Figure 11 is a flow chart for explaining details of a 
wafer process, among Figure 10 processes. 

Figure 1 is a schematic view of an embodiment of 
the present invention, which is applied to scan type pro- 
jection exposure apparatus for use in manufacture of 
semiconductor devices such as ICs or LSIs, liquid crys- 
tal devices, image pickup devices such as CCDs, or de- 
vices such as magnetic heads, for example. 

In Figure 1, light from a light source 1 which com- 
prises a high-pressure Hg lamp or an excimer laser, for 
example, passes a trans missivity adjusting ND filter 20 
having a predetermined trans missivity, and then it is 
shaped by a beam shaping optical system 2 into a de- 
sired shape. The light is then directed to a light entrance 
surface of an optical integrator 3 which comprises a fly's- 
eye lens, for example. The fly's eye lens comprises a 
combination of small lenses, and it defines plural sec- 
ondary light sources in the vicinity of a light exit surface 
thereof. Denoted at 21 is an aperture stop for determin- 
ing the size or shape of the secondary light sources. 
When o value of illumination is to be changed or oblique 
illumination is to be performed, this aperture stop 21 is 
replaced by another. Denoted at 4 is a condenser lens 
which serves to provide Koehler illumination of a mask- 
ing blade 6 with light from the secondary light sources 
of the optical integrator 3. The masking blade and a ret- 
icle R are disposed at positions optically conjugate with 
each other (or slightly deviated from that relation) with 
respect to an imaging lens 7 and a mirror 8. By deter- 
mining the shape of the opening of the masking blade 
6, the shape and size of illumination regbn upon the ret- 
icle R are determined. The elements as enclosed by a 
broken line in the drawing are components of an illumi- 
nation optical system 100. The reticle R is held by a ret- 
icle stage 9 by attraction, and they are scanned in a di- 
rection of an arrow in Figure 1. The reticle the wafer 
stage 1 1 is a second light quantity detector 1 3 having a 
light receiving surface being adjusted to be placed at a 
level substantially the same as that of the wafer W. Thus, 
the detector 1 3 can detect the light quantity upon a plane 
equivalent to the wafer W surtace. The first light quantity 
detector 1 2 is disposed in an optically conjugate relation 
with the masking blade 6 with respect to the condenser 
lens 4 and the half mirror 5, and also it is disposed in a 
similar relation with the surface of the wafer W to be ex- 
posed, i.e., the light receiving surface of the second light 
quantity detector 13. Denoted at 102 is light quantity cal- 
culating means for processing a signal from the first light 
quantity detector 12 to determine output energy of the 
light source 1 , to provide appropriate light quantity. Light 
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source control system 103 controls the output energy ot 
the light source 1 , in response to a signal from the light 
quantity calculating means 102. 

Figure 2 is a schematic view of the whole arrange- 
ment, showing the positional relation of the reticle stage 
9, the transmitting portion 14 and the second light quan- 
tity detector 1 3 as sensitivity correction of first and sec- 
ond light quantity detectors 1 2 and 1 3 is to be executed. 
The reticle stage 9 is moved by a driving mechanism 
(not shown) so that the transmitting portion 14 is placed 
on the stage 9 is formed with a light transmitting portion 
14 for transmitting exposure light therethrough. Normal- 
ly, the illumination region upon the reticle R has a slit- 
like oblong shape with its widthwise direction extending 
along the scan direction in Figure 1. Denoted at 10 is a 
projection optical system for projecting, in a reduced 
scale, a circuit pattern formed on the reticle R on to a 
wafer W which is coated with a photosensitive material. 
Denoted at 11 is a wafer stage on which the wafer is 
placed. It is scanned in a direction of an arrow in Figure 
1. Also, it is moved in a direction perpendicular to the 
sheet of the drawing, by which an image of the circuit 
pattern of the reticle R is printed on different exposure 
zones on the wafer W. Denoted at 101 is a scan control 
system cooperable with a driving mechanism (not 
shown) to scanningly move the reticle stage 9 and the 
wafer stage 11 at the same ratio as the projection mag- 
nification of the projection optical system 10 and exactly 
at constant speeds. 

Denoted at 1 2 is a first light quantity detector for light 
quantity monitor. A portion of illumination light from the 
condenser lens 4 is divided by a half mirror 5, and the 
detector 12 monitors thus divided light to thereby indi- 
rectly monitor the exposure amount to be applied to the 
wafer W. Mounted in the vicinity of the wafer W placed 
on optical axis of the projection optical system 1 0. Sim- 
ilarly, the wafer stage 11 is moved by a driving mecha- 
nism (not shown) so that the second light quantity de- 
tector 1 3 is placed on the optical axis. 

Figure 3 illustrates the relation between the light re- 
ceiving surface of the second detector 1 3 arid an image 
of the light transmitting portion 14 of the reticle stage 9, 
being projected by the projection optical system 10, as 
the sensitivity correction in Figure 2 is going to be per- 
formed. The range depicted in the drawing by a solid 
line is an exposable range (illumination region) which 
can be illuminated by means of the illumination optical 
system 100 and the projection optical system 10. In 
scanning exposure apparatus, this exposable range 
usually has an oblong shape with its widthwise direction 
extending in the scan direction (arrow), or it may have 
an arcuate slit-like shape. 

The light receiving surface of the second light quan- 
tity detector may desirably have a shape which is longer 
than the exposable range with respect to the scan di- 
rection and which is sufficiently shorter than the expos- 
able range with respect to a direction perpendicular to 
the scan direction. For keeping uniformness of exposure 
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amount over the wafer W surface in scanning exposure, 
the light quantity accumulated in the scan direction 
should be constant with respect to the lengthwise direc- 
tion perpendicular to the scan direction. Thus, while 

s moving the second detector 1 3 sequentially to different 
positions along the lengthwise direction, the light quan- 
tities at respective positions are measured. By this, in- 
tegrated illuminance (mW/cm) per unit length along the 
lengthwise direction of the slit and with respect to the 

10 scan direction can be determined. Thus, illuminance 
distribution along the lengthwise direction can be meas- 
ured. 

In the state described, the light source 1 emits light 
in response to a signal from the light source control sys- 
is tern 1 03, and the light quantities incident on the first and 
second detectors 12 and 13, respectively, are meas- 
ured. Here, a signal obtainable with the first detector 12 
is denoted by S1 , and a signal with the second detector 
1 3 is denoted by S2. Each of the signals S1 and S2 rep- 
resents a value corresponding to the light quantity in unit 
time upon the plane equivalent to the wafer W surface 
or the light quantity per one pulse where the light source 
1 comprises a pulse light source (or a value correspond- 
ing to integrated light quantity of every pulses of a pre- 
determined number). At initial setting (at start of opera- 
tion of the apparatus or periodic maintenance thereof), 
an absolute illuminomitor may be mounted on the wafer 
stage 11 to perform light quantity measurement, and 
sensitivity adjustment (gain adjustment) may be per- 
formed to assure a relation (gS1) lni = (fS2) inj = E, where 
E is the light quantity upon the wafer W as measured by 
the absolute illuminomitor, g and f are gains for conver- 
sion of output signals S1 and S2 into light quantities, 
respectively. 

If there is no variation with time in optical compo- 
nents, actual light quantity on the wafer surface is equal 
to gSI. If however there occurs variation with time, actual 
exposure amount on the wafer differs from gSI . In order 
to correct light quantity measurement error due to vari- 
ation with time of optical components, output signals 
from the first and second light quantity detectors 1 2 and 
13 are applied to the light quantity calculating means 
102 to calculate a correction coefficient a = (fS2/gS1) cal , 
and gain correction is performed to assure g = g old x a, 
where g old is the gain before sensitivity adjustment. By 
doing this, it is enabled to perform correct measurement 
of the light quantity on the wafer W and, therefore, to 
perform an exposure process with correct exposure 
amount. 

Figure 4 shows another example wherein, as com- 
pared with that shown in Figure 3, the light transmitting 
portion 14 of the reticle stage 9 has a different shape 
and wherein the image of the transmitting portion 14 as 
projected by the projection optical system is smaller 
than the light receiving portion of the second light quan- 
tity detector 13. 

In this example, the reticle R is first unloaded from 
the reticle stage 9, and a light quantity signal S2 in the 
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state in which the light receiving portion of the second 
light quantity detector 13 is not at all blocked ad well as 
a light quantity signal S2' in the state in which it is par- 
tially blocked by the transmitting portion 14 such as 
shown in Figure 4, are measured. Then, a proportional s 
constant p = (1S2/fS2 , ) inj is determined. Since basically 
this proportional constant is not influenced by variation 
with time, it may be sufficient to measure the same only 
in the initial setting. For sensitivity correction, the sec- 
ond light quantity detector 13 and the transmitting por- 10 
tion 14 are kept in the positional relation shown in Figure 
14, and, in response to light emission of the light source 
1, the light quantities incident on the first and second 
detectors 1 2 and 1 3 are measured. If output signals cor- 
responding to these measured light quantities and to be is 
applied to the calculating means 1 02 are denoted by S1 
and S2\ respectively, the ratio a' = Px(fS2YgS1) ca , can 
be calculated. Also in that case, for exposure process, 
the sensitivity adjustment is made to assure a relation 
9 = 9oid x a '- B y doing it, it is enabled to perform correct 20 
measurement of the light quantity on the wafer W sur- 
face and therefore to perform exposure process with 
correct exposure amount. 

While Figure 2 shows an example wherein the light 
transmitting portion 1 4 and the second detector 1 3 are 25 
placed on the optical axis of the projection optical sys- 
tem 10, it is not always necessary that they are on the 
optical axis provided that there is a positional relation 
between the image of the transmitting portion 14 and 
the light receiving portion of the second detector 13 as 30 
shown in Figure 3 or 4. 

Also, while the light receiving surface of the second 
detector 13 shown in Figure 3 or 4 is longer than the 
width of the exposable range in the scan direction, if it 
is shorter than the latter, measurement of illuminance 35 
distribution is enabled by moving the wafer stage 11 two- 
dimensionally. Further, the integrated light quantity in 
the scan direction can be determined by integrating 
measurement results with respect to the scan direction. 

Next, the light quantity setting in a case where the *o 
light source 1 of the scanning projection exposure ap- 
paratus of Figure 1 or 2 comprises a pulse laser. 

First, a job for exposure process is loaded. Here, 
conditions such as numerical aperture ol the projection 
optical system 10, illumination condition (o value or *s 
modified illumination) and the range of masking blade 
6, lor example, are also loaded. In accordance with the 
illumination condition loaded, the size or shape of the 
aperture stop 21 of the illumination optical system 100 
is selected, and the masking blade 6 is moved to effect so 
light blocking in an appropriate range. Then, the reticle 
stage 9 and the wafer stage 11 are moved so that the 
light transmitting portion 14 and the illuminance monitor 
1 3 are placed on the optical axis of the projection optical 
system 1 0 as shown in Figure 2. The light source control ss 
system 103 causes the light source 1 to emit light, with 
a set voltage V 0 . By using output signals SO and S2 pro- 
duced in response by the first and second light quantity 
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detectors 1 2 and 1 3, respectively, the calculating means 
102 calculates a sensitivity correction coefficient a = 
(fS2/gS1) in , 

Here, as regards the maximum stage scan speed 
V MAX (cm/sec), a slower one of the mechanical highest 
speed for precise stage control and the highest speed 
calculated from a minimum pulse number necessary for 
scan exposure, may be selected. If the exposure 
amount per unit area to be supplied to the wafer W is 
E w (mJ/cm 2 ), the pulse emission frequency of the light 
source 1 is f (Hz), and the projected light quantity on the 
wafer W per pulse in the scan direction is Ep (mJ/cm), 
then the scan speed V of the wafer stage 11 is V = Ep 
x f/E w (cm/sec). 

If V < Vmax> under the control of the scan control 
system 101, the wafer stage 11 is constant-speed 
scanned at the scan speed V while the reticle stage 9 is 
constant-speed scanned at a scan speed multiplied by 
the ratio of projection magnification of the projection op- 
tical system 10, by which the exposure is effected. As 
regards the exposure amount control, the light source 
control system 103 operates to assure that the light 
quantity per pulse as detected by the first light detector 
12 becomes equal to Ep. In actual exposure process, 
the output energy of each pulse of the light source T has 
variation within a certain range. Thus, there occurs var- 
iation in light quantity on the water W, with irradiation 
with pulses. As regards compensation for variation in 
pulses, there is a known method in which a target value 
of pulse to be emitted is adjusted in accordance with the 
light quantity of past pulse light. 

If V > V MAx , it is necessary to reduce irradiation light 
quantity per pulse. As for reduction of irradiation light 
quantity, for example, there are a method in which irra- 
diation light quantity (= E p _ 1 - V MAX x E w /f) per pulse is 
calculated by the calculating means 1 02 and the set volt- 
age is lowered by the light quantity control system 103 
so that the irradiation light quantity becomes equal to 
Ep_ n , and a method in which an ND filter 20 having an 
appropriate transmissivity is inserted into the light path 
of the illumination optical system 100. Optimum trans- 
missivity of the ND filter 20 can be calculated by the light 
quantity calculating means 102. If the transmissivity of 
ND filter 20 is y, a filter having a highest transmissivity 
in a rage satisfying a relation y < V MAX x E w /f/Ep may 
be selected. As regards selection of ND filter 20, for ex- 
ample, there are a method in which optimum one of fil- 
ters mounted in a turret is chosen, and a method in 
which plural ND filters are used in combination. 

Further, if E w < Ep MAX x f/V MAX , taking into account 
the throughput, it is desirable to use both of the method 
in which the set voltage of the light source 1 is changed 
to adjust the pulse energy and the method in which the 
pulse energy is adjusted by using an ND filter, in com- 
bination, so that the scan is performed constantly at 
speed V MAX . It the range of light quantity Ep upon the 
wafer W which can be adjusted in the limits of voltage 
that can be set by the light source control system 103 is 
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e Pmax> Ep > EPmin (mJ/cm), a desired light quantity is 
achieved by setting a filter ot transmissivity 7that satisfy 
a relation Ep^ > V MAX x Ey/f/y > Ep MIN . As regards 
the transmissivity of the ND filter 20, it may be sufficient 
to prepare those with differences narrower than (Ep M(Nr / 
Ep MAX ) N (N is an integer) to a lowest 5% - 10%. 

Referring next to Figure 5, an example of exposure 
amount control based on control of pulse emission tim- 
ing in a scan type exposure apparatus, will be explained. 

When the exposure amount E w (mJ/cm 2 ) of the wa- 
fer W is set (step 101) and if E w < Ep MAX x i/V MAX , then 
the scan speed V MAX (cm/sec), the transmissivity y of 
the ND filter 20 and the irradiation light quantity Ep 0 (mJ/ 
cm) on the wafer W per pulse are determined (step 1 02). 
If the sensitivity correction coefficient as calculated by 
the light quantity calculating means 1 02 is a, the gain to 
the output signal ot the first light quantity detector 12 is 
g = gold x a (step 103). Subsequently, movement of the 
reticle stage 9 and the wafer stage 11 is initiated moved 
from predetermined positions (step 104). Before the pat- 
tern of the reticle R reaches the exposure region by the 
illumination system 100, the light source control system 
103 causes the light source 1 to emit light (step 105), 
and a designation signal of the control system 103 is 
adjusted to assure an irradiation light quantity equal to 
Ep 0 . 

After the reticle stage 9 and the wafer stage 11 
reach their constant speeds and when the exposure of 
the wafer W starts, the first light quantity detector 12 is 
used to measure the light quantity per pulse (step 106) 
and to detect a difference with respect to a target value. 
From the result, the calculating means 102 calculates 
pulse emission interval (spacing) of the light source 1, 
and the control system 103 controls the emission timing 
of the light source 1. If the initially set pulse emission 
frequency is f 0 , the pulse interval as initially set is T 0 = 
1/f 0 (sec). If the light quantity as measured by the first 
detector 12 is Ep 0 ' to the target value Ep 0 , the interval 
Tj to the subsequent pulse emission is Tj = T 0 x Ep 0 V 
Ep 0 . Thus, a pulse is emitted with lapse of Tj (sec). The 
above-described control is repeated to subsequent 
pulses (steps 1 08 and 109). 

In addition to the example of Figure 5, there is an 
alternative method of exposure amount control based 
on pulse emission timing control, in which the position 
of the wafer stage 11 is monitored. More specifically if 
initially set pulse oscillation frequency is f 0 and the scan 
speed is V MAX , then the movement amount Xq of the 
wafer stage 11 that provides a reference is Xq = V MAX / 
f 0 (cm). If a detection signal corresponding to the light 
quantity measured at the first detector 12 is Ep 0 " to the 
target value Ep 0 , the calculating means 102 calculates 
the movement amount up to the subsequent pulse 
emission. At the moment as the wafer stage 11 moves 
by X h the subsequent pulse is emitted. Here, there is a 
relation Xj = Xq x Ep 0 7Ep 0 . 

In Figure 5, the timing of sensitivity correction based 
on the first and second detectors 12 and 13 may be set 



as desired, for example, per wafer or per every wafers 
of a number N. 

While in the above-described embodiments the in- 
vention has been described with reference to a scan 
5 type exposure apparatus, similar advantageous effects 
are attainable when the invention is applied to a step- 
and-repeat type projection exposure apparatus (step- 
per), or a contact type or proximity type exposure appa- 
ratus. 

10 Figure 6 is a schematic view of an exposure appa- 
ratus according to another embodiment of the present 
invention. The components shown in Figure 6 have ba- 
sically the same functions as of those shown in Figure 

I with like numerals, but the exposure apparatus of Fig- 
is ure 6 is a stepper whereas that of Figure 1 is a scanning 

exposure apparatus. Thus, the reticle stage 9 of Figure 
6 is held stationary during the exposure process. The 
following description will be made mainly on those com- 
ponents not included in the Figure 1 embodiment. 

Mounted in the vicinity of the wafer W on the wafer 
stage 11 are reference reflection surfaces 15 and 16 
having an adjusted level substantially the same as of 
the wafer W. The reflection surface 15 has a predeter- 
mined reflectivity to exposure light, while the reflection 
surface 16 has zero reflectivity to the exposure light. 
Light reflected by the reference reflection surface 15 
goes back to the illumination optical system 100 via the 
projection optical system 10 and the reticle R. A portion 
of this light is reflected by a half mirror 5 of the illumina- 
tion optical system 1 00, and it is collected by a condens- 
ing lens 17 and is projected on the second light quantity 
detector 13. The light entrance surface of the second 
light quantity detector 13 is disposed at a position opti- 
cally conjugate with the masking blade 6 with respect to 
the condensing lens 17, and thus it is also in an optical 
conjugate relation with the circuit pattern surface of the 
reticle R or with the wafer W surface. 

The light source 1 comprises a high-pressure Hg 
lamp or an excimer laser, for example. In the following 
description, a case where an excimer laser is used as 
the light source 1 will be explained. Generally, when an 
excimer laser is used as a light source of an exposure 
apparatus, an exposure region of one shot is exposed 
with use of light pulses having variation in light quantity. 

Next, referring to the flow chart of Figure 7, the pro- 
cedure of supplying correct exposure amount in the pro- 
jection exposure apparatus of Figure 6, based on sen- 
sitivity correction to the first light quantity detector 12, 
will be explained. 

First, at initial setting (at start of operation of the ap- 
paratus or at periodic maintenance thereof), an absolute 
illuminomitor (not shown) is mounted on the wafer stage 

II and, in response to emission of pulses of a predeter- 
mined number from the light source 1 responsive to a 
signal from the light source control system 103, an out- 
put signal of the first light quantity detector 1 2 are meas- 
ured. The output signal Si of the first detector 12 at this 
moment represents a value corresponding to the light 
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quantity E (mJ/cm 2 /pulse) upon the water W surface as 
measured through the absolute illuminomitor, and it is 
given by E = gS1 . Subsequently, the reference reflection 
surface 13 having a predetermined reflectivity is moved 
into an exposure region of the projection optical system s 
1 0 and, by using the output signal S2 of the second light 
quantity detector 1 3, sensitivity adjustment (gain adjust- 
ment) is performed to achieve gS1 = 1S2 (= E), where g 
and f are gains for converting the output signals S1 and 
S2 ( respectively, into light quantities on the wafer W sur- io 
face. At that time, the exposure amount supplied to the 
wafer W can be measured correctly by means of the first 
detector 12, and correct exposure control is attainable. 

If however the transmissivity of optical components 
varies due to irradiation with exposure light from the light * 5 
source, it results in a difference between the actual light 
quantity on the wafer W and the light quantity as pre- 
dicted from the output signal SI of the first detector 12. 
In this embodiment, sensitivity correction to the first de- 
tector 1 2 is performed on the basis of a (i) first sensitivity 20 
correction step (first step) which is executed preparato- 
rily in a state in which the reticle R is not loaded and in 
a stage in which it is being loaded, and (ii) a second 
sensitivity correction step (second step) which is exe- 
cuted, while the reticle R is being held, when, after ex- 2s 
posure processes of a predetermined number are per- 
formed, variation of optical components with time, fol- 
lowing execution of the first sensitivity correction step, 
might have occurred. 

The first step will be explained below. The wafer 30 
stage 11 moves so that the reference reflection surface 
15 having a predetermined reflectivity comes to the ex- 
posure region of the projection optical system 10 and, 
thereafter, the light source 1 emits light in response to 
a signal from the control system 103. Output signals S1 35 
and S2 of the first and second detectors 12 and 13, per 
pulse, are applied to the light quantity calculating means 
102 by which the light quantity on the wafer W surface 
is calculated. Here, if gS1 * fS2, it is concluded that the 
transmissrvity of the illumination optical system 100 or 40 
the projection optical system 10 has varied with time. 
Thus, the calculating means 102 performs sensitivity 
correction calculation on the basis of the output signals 
SI and S2. If the transmissivity of the portion of the illu- 
mination optical system 100 at the half mirror 5 and fol- 45 
lowing it is T,, the transmissivity of the projection optical 
system is T p and the reflectivity of the reference reflec- 
tion surface 15 (of predetermined reflectivity) is R, then 
the output signal S2 of the second detector 13 is given 
by: so 

S2ocT | 2 xT p 2 xR (1) 

and it is proportional to the square of the transmissivity ss 
of the illumination optical system 100 and the projection 
optical system 10. When the transmissivity of the illumi- 



nation optical system being calibrated during the initial 
setting by using an absolute illuminomitor it Tj 0 , the 
transmissivity of the projection optical system 10 at that 
time is T p0 , and similarly when the transmissivities of the 
illumination optical system 1 00 and the projection opti- 
cal system 10 after variation with time are T n and T p1 , 
if the ratio of light quantity on the wafer W surface as 
calculated from the output signals after variation with 
time is -y 2 = fS2 l /gS1 1 , then it follows from gSI-, = fS2 0 
(S2 0 is the output signal of the second detector 13 as 
no variation has occurred with time) that: 

VWhXT p //(T |0 xT p0 ) 2 (2) 

Here, y 2 corresponds to the square of transmissivity var- 
iation of the illumination optical system 100 and the pro- 
jection optical system 10. In that occasion, the light 
quantity E upon the wafer W surface as predicted from 
the output signal S1 of the first detector 12 is E = yx 
gS1. This y is taken as the sensitivity correction coeffi- 
cient for the first step, and it is stored into the calculating 
means 102. 

Subsequently, the reticle R is placed on the reticle 
stage 9 and the reference reflection surface 15 having 
a reflectivity R is moved into the exposure region of the 
projection optical system 10. In this state, the light 
source 1 is oscillated, and signals S1 2 and S2 2 of the 
first and second detectors 12 and 13 are measured. 
Thereafter, the reference reflection surface 16 having 
zero reflectivity is moved similarly into the exposure re- 
gion of the projection optical system 10, and the light 
source 1 is oscillated and output signals S1 3 and S2 3 of 
the first and second detectors 1 2 and 1 3 are measured. 

Here, if the proportion of light quantity as reflected 
by the material (e.g., Cr) of the circuit pattern of the ret- 
icle R and impinging on the second detector 15 is P.,, 
and the proportion of light quantity as transmitted 
through a transmissive portion of the reticle R, passing 
through the projection optical system 10, reflected by 
the reference reflection surface 13, passing again 
through the projection optical system 10 and the reticle 
R and impinging on the second detector 15 is P 2 , it fol- 
lows that: 

S2 2 - (T |1 2 xP l+ (Tl l xT p1 ) 2 xP 2 xR) (3) 

S2 3 oc <T n 2 xPi> W 

The difference between S2 2 and S2 3 determines the 
output signal corresponding to the light quantity upon 
the wafer W surface. 

S2 2 -S2 3 ~(T n xT p1 ) 2 xP 2 xR (5) 
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Equation (5) above provides information proportional to 
the square of the product of the transmissivities of the 
illumination optical system 100 and the projection opti- 
cal system 10. In equation (5), in order to remove the 
influence of dispersion of light quantity in the pulses from 
the light source 1 , the light quantity on the wafer W sur- 
face as calculated from the output signal of the second 
detector 13 is divided by the light quantity on the wafer 
W surface as calculated from the output signal of the 
first detector 12. 

D = fS2 2 /(7xgS1 2 )-fS2 3 /(YxgSl 3 ) (6) 

The value D is taken as an initial value D 0 for calculation 
of sensitivity correction coefficient for the second step, 
and it is stored into the calculating means 102. 

In the first sensitivity correction step described 
above, sensitivity correction just before start of expo- 
sure as well as calculation of initial value necessary for 
determination of sensitivity correction coefficient for the 
second step, are carried out. Next, the second sensitiv- 
ity correction step to be performed in the course of se- 
quential projection exposures of circuit pattern of the ret- 
icle R will be explained. 

With repetition of exposures, the transmissivity of 
the illumination optical system 100 or the projection op- 
tical system 10 varies. In this embodiment, when expo- 
sure of wafers of a number N is completed, the reference 
reflection surfaces 15 and 16 are moved again into the 
exposure region of the projection optical system 1 0, and 
sensitivity correction is performed on the basis of output 
signals of the first and second detectors 12 and 13. If 
the transmissivity of the illumination optical system 100 
has changed to T, 2 and that of the projection optical sys- 
tem 10 has changed to T P2 , it follows that: 

5 2 = D/D 0 = (T^xT^) V n xT pT ) 2 (7) 

The coefficient 5 2 obtainable from the above equation 
has a value corresponding to the square of the trans- 
missivity change, and 5 corresponds to the transmissiv- 
ity change. This 5 is taken as the sensitivity correction 
coefficient for the second step, and it is stored into the 
calculating means 102. . 

While in this embodiment the sensitivity correction 
at the second step is performed per every wafers of a 
number N, the sensitivity correction timing may be set 
for a desired wafer numbers. Also, the sensitivity cor- 
rection may be performed just after excess of the 
amount of transmissivity variation over a certain value 
is predicted. In that occasion, transmissivity variation 
measurement is not performed if sensitivity correction 
is not necessary. Thus, it is effective to reduce slow 
down of throughput. 

In the subsequent exposure processes, the light 



14 

quantity E upon the wafer W surface as predicted from 
the output signal S1 of the first detector 12 is E = yx 5 
x gS1. Here, "7x6x9" is the gain to the output signal 
S1 as newly determined through the sensitivity correc- 

s tion at the second step. Correct measurement of the 
light quantity on the wafer W and exposure process with 
correct exposure amount are thus enabled. 

In a case where the area of the transmissive portion 
of the circuit pattern of the reticle R is small such as a 

10 case of contact hole, the difference between the output 
signals S2 2 and S2 3 of the second detector 1 5 becomes 
smaller and precision of coefficient 5 calculation be- 
come lower. As a result, the measurement precision of 
the first detector 12 is slowed down. If the reticle R has 

*5 such a pattern structure, since the light quantity imping- 
ing on the projection optical system 10 is notably small, 
it is possible to consider that the transmissivity change 
of the projection optical system 10 is small. Thus, for 
sensitivity correction, it may be sufficient to monitor only 

20 the transmissivity variation of the illumination optical 
system 100. For this reason, the reference reflection 
surface 16 with zero reflectivity may be moved into the 
exposure region, and only the signal S22 of the second 
detector 13 may be measured. In that case, equations 

25 (6) and (7) may be rewritten as follows: 

D = fS2 2 /( 7 xgS1 2 ) (8) 
30 If the initial value is D 0 , 

6 2 = IM) 0 = (t B /ri 1 ) 2 O) 

Here, 5 corresponds to the transmissivity change in the 
illumination optical system 100 and, therefore, it is 
stored into the calculating means 102 as a sensitivity 
correction coefficient for the second step. 

As regards the position of the second detector 13, 
in place of the example shown in Figure 6, it may be 
disposed at a position optically conjugate with a pupil 
plane of the projection optical system 10. Further, any 
other location is possible provided that the information 
related to transmissivity variation of the illumination op- 
tical system 100 or the projection optical system 10 is 
obtainable. The condensing lens 17 may be omitted if it 
does not raise a problem of measurement precision. 

If the size of the reference reflection surface 15 or 
16 is smaller than the exposure range of the circuit pat- 
tern of the reticle R, the wafer stage 11 may be step- 
moved within a range of projection of the circuit pattern 
of the reticle R and output signals of the second detector 
1 3 corresponding to the positions of the reference re- 
flection surfaces 15 and 16 may be measured. Then, 
the coordinates of such position whereat the output is 
highest may be memorized. In the state in which the ret- 
icle R is loaded, the reference surfaces 15 and 16 may 
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be moved to those positions, and sensitivity correction 
may be performed. 

Figure 8 is a schematic view of an exposure appa- 
ratus according to a further embodiment of the present 
invention. Description of this embodiment will be made 
mainly on the structure of the portion different from Ihe 
Figure 6 embodiment. 

Mounted in the vicinity of the wafer W on the wafer 
stage 11 is a second light quantity detector 13 having a 
light receiving surface whose position with respect to the 
optical axis direction of the projection optical system 10 
is placed at a level substantially equal to that of the wafer 
W surface. In the initial setting, like the Figure 6 embod- 
iment, an absolute illuminomitor (not shown) is mounted 
on the wafer stage 11, and adjustment of output signals 
of the first and second light quantity detectors 12 and 
1 3 is carried out. 

Now, referring to the flow chart of Figure 9, the sen- 
sitivity correction procedure in the projection exposure 
apparatus of Figure 8 will be explained. 

At the first step, while keeping the reticle R unload- 
ed out of the reticle stage 9, the second detector 13 is 
moved into the exposure region of the projection optical 
system 1 0. In this state, in response to a signal from the 
light source control system 103, the light source 1 emits 
pulses of light of a predetermined number. Output sig- 
nals S1 and S2 of the first and second detectors 1 2 and 
1 3 are applied to the light quantity calculating means 
102, where the light quantity upon the wafer W surface 
is calculated. Here, if gS1 * fS2, it is concluded that the 
transmissivity of the illumination optical system 100 and 
the projection optical system 10 has varied from the mo- 
ment of adjustment using the absolute illuminomitor, in 
the initial setting. Thus, from the results, the calculating 
means 102 calculates a sensitivity correction value. If 
the output signals here are S1 n andS2 lP the ratio of light 
quantity upon the wafer W surface as can be calculated 
from these output signals, that is, e = fS2 1 /gS1 1 , corre- 
sponds to the change in transmissivity. This e is taken 
as a sensitivity correction coefficient for the first step, 
and it is stored into the calculating means 102. 

Subsequently, while keeping the reticle R loaded on 
the reticle stage 9, the second detector 1 3 is moved into 
the exposure region of the projection optical system 10, 
and the light source 1 is caused to emit pulse of light of 
a predetermined number, with predetermined energy. In 
response, output signals S1 2 and S2 2 of the first and 
second detectors 12 and 13 are measured. Here, the 
ratio tS22/gS1 2 of light quantity on the wafer W as cal- 
culated from these output signals is taken as an initial 
value D 0 of the second step, and it is stored into the cal- 
culating means 102. During actual exposure processes 
to be executed subsequently, the light quantity E on the 
wafer W surface as can be predicted from the output 
signal SI of the first detector 1 2 is E = e x gS1 . 

When exposures of wafers of a number N are com- 
pleted, the second detector 1 3 is moved back to the pre- 
determined posit ion : and sensitivity correction at the 



second step is executed. Then, if the output signal is 
S2 3 and the signal output of the first detector 12 is S1 3 , 
the ratio D = fS23/gS1 3 is calculated. Then, while taking 
the ratio between D and memorized D 0 in the calculating 
5 means 102, £ = D/D 0 is calculated. Here, £ corresponds 
to transmissivity change of the illumination optical sys- 
tem 100 and the projection optical system 10 occurred 
in the period from start of exposure to end of predeter- 
mined exposure, this £ is taken as a sensitivity correc- 
10 tion coefficient for the second step, and it is stored into 
the calculating means 102. In the exposure processes 
following the sensitivity correction at the second step, 
the light quantity E as can be predicted from the output 
signal S1 of the first detector 1 2 is E = e x £ x gS1 . Here, 
*s "ex^xg" is the gain to the output signal S1 as newly 
determined through the sensitivity correction at the sec- 
ond step. Correct measurement of light quantity on the 
wafer W surface and exposure process with correct ex- 
posure amount, are thus enabled. 

If the size of the light receiving surface of the second 
detector 13 is smaller than the exposure range of the 
circuit pattern of the reticle R, the wafer stage 11 may 
be step-moved within a range of projection of the circuit 
pattern of the reticle R and output signals of the second 
detector 1 3 corresponding to sequential positions of the 
detector 1 3 may be measured. Then, the coordinates of 
such position whereat the output is highest may be 
memorized. In the second step, the reticle R may be 
moved to that position, and sensitivity correction may 
be performed. 

In the present embodiment, the relation between 
the voltage applied to the light source 1 and the output 
signal of the first detector 12 is detected beforehand. 
During the exposure process, the control system 103 
adjusts the set voltage so that the output signal of the 
detector 12 reaches a level set in consideration of the 
sensitivity correction coefficient, whereby light quantity 
is controlled. Also, the energy of pulses from the light 
source 1 involves dispersion. Therefore, from a differ- 
ence between a target value and an actually measured 
value, per pulse, as detected through the first detector 
12, a subsequent target value for light quantity may be 
changed from the initially set level. On the basis of the 
thus changed target value, the control system 103 may 
change the set voltage for the light source 1 . 

It is an alternative method that emission of the light 
source 1 is discontinued at the moment whereat the total 
of light quantity per one shot exceeds a predetermined 
value. Also, there may be a method in which only the 
light quantity of last pulse is adjusted to assure an inte- 
grated exposure amount equal to a set value. 

While in this embodiment the description has been 
made with reference to a step-and-repeat type projec- 
tion exposure apparatus (stepper), substantially the 
same advantageous effects are attainable when the in- 
vention is applied to an exposure apparatus of contact 
type or proximity type or to a step-and-scan type projec- 
tion exposure apparatus. 
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Next, an embodiment of semiconductor device 
manufacturing method which uses an exposure appa- 
ratus according to any of the above-described embodi- 
ments, will be explained. 

Figure 10 is a flow chart of the sequence of manu- 
facturing a semiconductor device such as a semicon- 
ductor chip (e.g. IC or LSI), a liquid crystal panel or a 
CCD, for example. Step 1 is a design process for de- 
signing the circuit of a semiconductor device. Step 2 is 
a process for manufacturing a mask on the basis of the 
circuit pattern design. Step 3 is a process for manufac- 
turing a wafer by using a material such as silicon. Step 
4 is a wafer process which is called a pre-process 
wherein, by using the so prepared mask and wafer, cir- 
cuits are practically formed on the wafer through lithog- 
raphy. Step 5 subsequent to this is an assembling step 
which is called a post -process wherein the wafer proc- 
essed by step 4 is formed into semiconductor chips. This 
step includes assembling (dicing and bonding) and 
packaging (chip sealing). Step 6 is an inspection step 
wherein operability check, durability check and so on of 
the semiconductor devices produced by step 5 are car- 
ried out. With these processes, semiconductor devices 
are finished and they are shipped (step 7). 

Figure 1 1 is a flow chart showing details of the wafer 
process. Step 11 is an oxidation process for oxidizing 
the surface of a wafer. Step 12 is a CVD process for 
forming an insulating film on the wafer surface. Step 13 
is an electrode forming process for forming electrodes 
on the wafer by vapor deposition. Step 14 is an ion im- 
planting process for implanting ions to the wafer. Step 
15 is a resist process for applying a resist (photosensi- 
tive material) to the wafer. Step 16 is an exposure proc- 
ess for printing, by exposure, the circuit pattern of the 
mask on the wafer through the exposure apparatus de- 
scribed above. Step 17 is a developing process for de- 
veloping the exposed wafer. Step 18 is an etching proc- 
ess for removing portions other than the developed re- 
sist image. Step 19 is a resist separation process for 
separating the resist material remaining on the wafer af- 
ter being subjected to the etching process. By repeating 
these processes, circuit patterns are superposedly 
formed on the wafer. 

While the invention has been described with refer- 
ence to the structures disclosed herein, it is not confined 
to the details set forth and this application is intended to 
cover such modifications or changes as may come with- 
in the purposes of the improvements or the scope of the 
following claims. 



Claims 

1 . An exposure apparatus for transferring a pattern of 
a reticle on to a wafer, comprising: 

an illumination optical system; 

first light receiving means for receiving a por- 



tion of exposure light from said illumination op- 
tical system; 

a movable reticle stage having a transmitting 
portion for transmitting exposure light; and 
^ second light receiving means for receiving the 

exposure light transmitted through said trans- 
mitting portion. 

2. An apparatus according to Claim 1 , further compris- 
io ing a projection optical system, wherein said sec- 
ond light receiving means receives the exposure 
light having passed through at least a portion of said 
projection optical system. 

is 3. An apparatus according to Claim 1 or Claim 2, fur- 
ther comprising a movable wafer stage, wherein 
said second light receiving means is provided on 
said wafer stage and has a light receiving surface 
disposed at a position optically conjugate with the 
20 wafer. 

4. An apparatus according to any preceding claim, fur- 
ther comprising storing means for storing correction 
information related to correction of a sensitivity of 

25 said first light receiving means based on detection 
through said first and second light receiving means. 

5. An apparatus according to Claim 4, wherein the cor- 
rection information is based on a ratio between de- 

30 tected values of said first and second light receiving 
means. 

6. An apparatus according to any preceding Claim, 
wherein said exposure apparatus is a scanning ex- 

35 posure apparatus for performing an exposure proc- 
ess while scanning the reticle and the wafer. 

7. An apparatus according to any preceding claim, fur- 
ther comprising an excimer laser for providing ex- 

40 posure light. 

8. An exposure method for use with an exposure ap- 
paratus having an illumination optical system, first 
light receiving means for receiving a portion of ex- 

45 posure light from the illumination optical system, a 
projection optical system, and second light receiv- 
ing means for receiving exposure light transmitted 
through at least a portion of the projection optical 
system, wherein a reticle is illuminated with the illu- 
so mination optical system so that a pattern of the ret- 
icle is transferred to a wafer, said method compris- 
ing the steps of: 

detecting a first ratio between detected values 
55 of the first and second light receiving means in 

a state in which the reticle is not disposed on a 
path of exposure light, and a second ratio be- 
tween detecled values of the first and second 
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light receiving means in a state in which the ret- 
icle is disposed on the path of exposure light; 
detecting a third ratio between detected values 
of the first and second light receiving means in 
a state, after at least one exposure processes, 
the reticle is disposed on the path of exposure 
light; and 

correcting a sensitivity of the first light receiving 
means on the basis of the first, second and third 
ratios. 

9. A method according to Claim 8, wherein a detected 
value of the first light receiving means is detected 
on a plane optically conjugate with the reticle. 

10. A method according to Claim 8 or Claim 9, wherein 
the exposure light comprises excimer laser light. 

11. An exposure apparatus for transferring a pattern of 
a reticle on to a wafer, comprising: 

an illumination optical system; 
first light receiving means for receiving a por- 
tion of exposure light from the illumination op- 
tical system; 

a projection optical system; 
second light receiving means for receiving ex- 
posure light transmitted through at least a por- 
tion of the projection optical system; 
correcting means for correcting a sensitivity of 
a detected value of said first light receiving 
means, said correcting means is serviceable (i) 
to detect a first ratio between detected values 
of the first and second light receiving means in 
a state in which the reticle is not disposed on a 
path of exposure light, (ii) to detect a second 
ratio between detected values of the first and 
second light receiving means in a state in which 
the reticle is disposed on the path of exposure 
light, (iii) to detect a third ratio between detect- 
ed values of the first and second light receiving 
means in a state, after at least one exposure 
processes, the reticle is disposed on the path 
of exposure light, and (iv) to correct a sensitivity 
of the first light receiving means on the basis of 
the first, second and third ratios. 

12. An apparatus according to Claim 11, further com- 
prising a first reflection surface having a first reflec- 
tivity and a second reflection surface having a sec- 
ond reflectivity different from the first reflectivity, 
wherein the first and second reflection surfaces are 
disposed substantially at the same level as a sur- 
face of the wafer to be exposed, and wherein said 
second light receiving means receives exposure 
light reflected by the first and second reflection sur- 
faces. 



13. An apparatus according to Claim 11 or Claim 12, 
wherein said second light receiving means has a 
light receiving surface disposed substantially at the 
same level as a surface of a wafer to be exposed. 

5 

14. A device manufacturing method including transfer- 
ring a pattern of a reticle onto a wafer, said method 
comprising the steps of: 

10 detecting a light quantity of a portion of expo- 

sure light from an illumination optical system, 
by use of first light detecting means; 
detecting a light quantity of exposure light 
passed through a transmitting portion of a mov- 

15 able reticle stage, by use of second light detect- 

ing means; and 

correcting a sensitivity of the first light detecting 
means, on the basis of detected values of the 
first and second light receiving means. 

20 

15. A method according to Claim 14, wherein the sec- 
ond light receiving means receives exposure light 
passed through at least a portion of a projection op- 
tical system. 

25 

16. A method according to Claim 14 or Claim 15, where- 
in the second light receiving means is provided on 
a wafer stage and has a light receiving surface dis- 
posed at a position optically conjugate with the wa- 

30 ter. 

17. A method according to any one of claims 14 to 16, 
wherein the sensitivity of the first light receiving 
means is corrected on the basis of a ratio between 

35 the detected values of the first and second light re- 
ceiving means. 

18. A method according to any one of claims 14 to 17, 
further comprising performing an exposure process 

40 while scanning the reticle and the wafer. 

19. A method according to any one of claims 14 to 18, 
wherein the exposure light comprises excimer laser 
light. 



45 

20. A device manufacturing method for use with an ex- 
posure apparatus having an illumination optical 
system, first light receiving means for receiving a 
portion of exposure light from the illumination opti- 

50 cal system, a projection optical system, and second 
light receiving means for receiving exposure light 
transmitted through at least a portion of the projec- 
tion optical system, wherein a reticle is illuminated 
with the illumination optical system so that a pattern 

55 ol the reticle is transferred to a wafer, said method 
comprising the steps of: 

detecting a first ratio between detected values 
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23. An exposure apparatus tor transterring a pattern of 
an original on to a substrate comprising: 

an illumination source for generating exposure 
light; 

first light receiving means for receiving at least 
a portion of the exposure light from the illumi- 
nation source; 

a projection optical system for directing the ex- 
posure light from the illumination source 
through the original onto the substrate; and 
second light receiving means for receiving at 
least a portion of the exposure light which has 
passed through the projection optical system. 

24. An exposure apparatus according to claim 23 in- 
cluding illumination source control means to control 
the generation of the exposure light in response to 
the exposure light received by said first and second 
light receiving means. 

25. An exposure apparatus according to claim 23 or 
claim 24 wherein said second light receiving means 
is arranged to receive exposure light reflected from 
a surface substantially in a plane of the substrate. 

26. An exposure apparatus according to claim 23 or 
claim 24 wherein said second light receiving means 
is arranged substantially in a plane of the substrate. 



10 



of the first and second light receiving means in 
a state in which the reticle is not disposed on a 
path of exposure light, and a second ratio be- 
tween detected values of the first and second 
light receiving means in a state in which the ret- 
icle is disposed on the path of exposure light; 
detecting a third ratio between detected values 
of the first and second light receiving means in 
a state, after at least one exposure processes, 
the reticle is disposed on the path of exposure 
light; and 

correcting a sensitivity of the first light receiving 
means on the basis of the first, second and third 
ratios. 

21. A method according to Claim 20 wherein a detected 
value of the first light receiving means is detected 
on a plane optically conjugate with the reticle. 



22. A method according to claim 20 or claim 2 1 , wherein 20 
the exposure light comprises excimer laser light. 



15 



28. An exposure method for transferring a pattern of an 
original on to a substrate comprising the steps of: 

generating exposure light from an illumination 
source; 

receiving at least a portion of the exposure light 
from the illumination source at a first location; 
projecting the exposure light from the illumina- 
tion source onto and through the original to il- 
luminate the substrate using a projection opti- 
cal system; 

receiving at least a portion of the exposure light 
which has passed through the projection optical 
system at a second location; and 
controlling the generation of the exposure light 
in response to the exposure light received at 
the first and second locations. 

29. An exposure method according to claim 28 wherein 
the second location is substantially in a plane of the 
substrate. 



30. An exposure method according to claim 28 wherein 
the received exposure light is received at the sec- 

25 ond location after reflection from a surface substan- 
tially in a plane of the substrate. 

31 . An exposure method according to any one of claims 
28 to 30 wherein the exposure light received at the 

30 second location can have passed through the orig- 
inal. 

32. A method of manufacturing a device comprising the 
exposure method of any one of claims 8 to 10, or 

35 28 to 31 , and the step of fabricating a device from 
the exposed substrate. 
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45 



so 



27. An exposure apparatus according to any one of 
claims 23 to 26 wherein the second light receiving 
means is arranged so as to also be able to receive 55 
exposure light which has passed through the origi- 
nal. 
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